N ocardia species are soilborne aerobic Gram-positive bacilli that can cause severe cutaneous, pulmonary, and central nervous system infections (1) . 16S rRNA analysis has been the gold standard in the identification of these species, but their low mutation rates make closely related species difficult to distinguish.
gyrB has been used on its own in phylogenetic studies of Nocardia (2, 3) and in multilocus sequence typing pattern strategies (4) and has allowed new species to be described (5, 6) . The phylogenetic relationships between very similar species can be difficult to establish when using 16S rRNA-based trees (7) . However, knowledge of gyrB sequences may help in this respect. Certainly, gyrB shows remarkable variation across Nocardia species and has been used in the identification, typing, and phylogenetic examination of populations of the more common Nocardia species in Spain (i.e., those involved in 67% of clinical cases: N. abscessus, N. cyriacigeorgica, N. farcinica, and N. nova) (3) .
Here, we report an extension of the latter study (3), taking into account a collection of 75 strains belonging to 22 species and clustered into two groups: a commonly reported group (responsible for 13.0% of clinical cases of nocardiosis: N. brasiliensis [n ϭ 10 strains], N. carnea [n ϭ 10], N. otitidiscaviarum [n ϭ 10], and N. transvalensis [n ϭ 10]) and an unusually reported group, including 35 strains belonging to 18 species (responsible for Ͻ4.0% of clinical cases) ( Table 1) . The identifying and typing capacities of gyrB, a 16S target, and a 606-bp 16S fragment were compared.
Isolates were grown, their DNA was extracted, sequencing was performed, and phylogenetic trees were constructed as previously described (3) . Isolates that were Ն99.0% (for the 606-bp 16S fragment and full 16S gene sequence [8] ) and Ն93.5% (for gyrB [2] ) similar to those with sequences in the GenBank database were deemed to be of the same species.
Partial and full 16S sequence analyses matched most of the time, but 5.5% and 8.5% of the strains from commonly reported groups and unusually reported species, respectively, showed discrepancies between 606-bp 16S fragment and full 16S gene sequence analyses because discrimination grows when the length increases. In any case, full 16S gene sequences were selected for classification.
Within the commonly reported group, the identification of all N. brasiliensis and N. otitidiscaviarum strains by all three methods was fully concordant. However, discrepancies were seen in the identification of 70% of the N. carnea strains and all N. transvalensis strains. Their relationships, based on the 16S and gyrB results, are shown in their corresponding phylogenetic trees ( Fig. 1 and Table 2 ).
Three levels of diversity were seen for the gyrB gene and GyrB protein in the commonly reported group: a high level for N. carnea (211 single nucleotide polymorphisms [SNPs] , 61 amino acid changes) and N. transvalensis (150 SNPs, 55 amino acid changes), a middle level for N. brasiliensis (51 SNPs, 19 amino acid changes), and a low level for N. otitidiscaviarum (7 SNPs, 1 amino acid changes).
The N. carnea strains showed the largest numbers of SNPs in gyrB and a similarity range of 80.9% to 100% compared to that of N. carnea W8368
T gyrB (GenBank accession no. GQ984361), followed by 79.2% to 94.0% compared to that of N. flavorosea CDCϽUSA-GAϾ:W9741
T gyrB (GQ496113 (Fig. 1) . Only three strains were confirmed by their gyrB genes as belonging to N. carnea. The remaining strains were identified as N. flavorosea (n ϭ 2, both with the 122 Asp deletion), N. rhamnosiphila (n ϭ 1), N. blacklockiae and N. wallacei (n ϭ 1), and N. testacea, N. jinanensis, and N. sienata (n ϭ 3). In previous taxonomic studies, N. carnea and N. flavorosea were clustered together by gyrB (2, 4) .
The gyrB sequences of the N. transvalensis strains returned low similarity scores (below the cutoff value) with respect to N. transvalensis CDCϽUSA-GAϾ:W7518 T (GenBank accession no.
GQ496089) (85.3% to 86.1%), while greater similarity was seen with N. blacklockiae CDCϽUSA-GAϾ:W8088 T (GQ496126) (89% to 95.5%) and N. wallacei CDCϽUSA-GAϾ:W7672 T (GQ496086) (88.6% to 98.4%). None of the present strains seemed to belong to N. transvalensis sensu stricto (9), as was reflected by the considerable number of SNPs accumulated per strain (103 to 112, with 68 common SNPs present in every strain).
For N. brasiliensis, the main cause of tissue infections (10), clustering by sample origin (6 cutaneous versus 4 respiratory strains) was observed in the 16S and gyrB trees (Fig. 1) . The N. brasiliensis strains showed 7 out of the 19 amino acid changes to lie between positions 123 and 136 with respect to N. brasiliensis CDCϽUSA-GAϾ:W7503 T (GenBank accession no. GQ496125). In every other species, amino acid changes were distributed along the length of GyrB.
The N. otitidiscaviarum strains were the most homogeneous in terms of their 606-bp 16S fragment, 16S, and gyrB and GyrB sequences, with smaller haplotype numbers for the two genes.
In the unusually reported species, agreement between the 16S and gyrB results was observed for 21 strains (60.0%) of the species N. higoensis, N. ignorata, N. paucivorans, N. pneumoniae, N. puris, N. takedensis, N. veterana, and N. vinacea and one-half the N. asteroides strains, two-fourths of the N. beijingensis strains, onefourth of the N. rhamnosiphila cluster, and one-third of the N. testacea strains (see Table S1 in the supplemental material). No agreement was seen for 14 strains (40.0%), i.e., the strains of N. arthritidis, N. elegans, N. exalbida, N. flavorosea, N. jiangxiensis, and N. wallacei.
SNP numbers were analyzed as markers of variation in the unusually reported species. The greatest diversity was seen for the N. asteroides 16S sequence (37 SNPs) and the N. wallacei gyrB and GyrB sequence (144 SNPs, 45 amino acid changes compared to those of the reference sequences) (see Table S1 in the supplemental material). When the phylogenetic trees based on 16S and gyrB were compared, the strains classified as N. paucivorans, N. veterana, and N. ignorata remained together in both representations. However, strains belonging to N. beijingensis or N. wallacei grouped together in the 16S-based tree by species and separately in the gyrB-based tree. To a lesser extent, this happens in strains proceeding from N. elegans, N. flavorosea, N. higoensis, N. rhamnosiphila, and N. testacea. This shows the greater discriminating capacity of gyrB (Fig. 2) . Changes in GyrB showed that Ͼ70% of the SNPs were silent, above all in the strains of N. arthritidis and N. veterana. Nonsynonym substitution gathered predominantly between positions 778 and 787 with respect to the N. farcinica IFM10152 gyrB gene partial sequence (GenBank accession no. NC_006361), which corresponds to positions 260 to 264 of the N. farcinica IFM10152 GyrB protein sequence (YP_116212).
In the studied Nocardia strains, gyrB analysis improves identification based on full 16S gene sequences of infrequently isolated Nocardia spp. by confirming the classifications of strains which need further investigation for identification in 57.5% and 60% of the commonly reported group and unusually reported species, respectively.
To summarize, in the studied Nocardia strains, the combination of 16S and gyrB analysis improves the identification of commonly reported species, such as N. brasiliensis and N. otitidiscav- As the number of gyrB sequences in databases increases, gyrB sequencing should play an increasingly important role in the discrimination and typing of Nocardia spp. 
